窑Original Article窑 MicroRNAs are noncoding single chain RNA molecules with about 22nt in length, and they exist widely in the cells of plants, animals, and human beings [1] . MicroRNAs can bind to the 3爷 untranslated region (3爷 UTR) of target mRNA by base pairing to inhibit the translation of target genes, but not affect the transcription of target genes. Recently, it has been found that microRNAs could affect the biologic behavior of cells through inhibiting the expression of important proteins involved in cellular activities by base pairing in the 3爷 UTR of the corresponding target messenger RNA (mRNA). It has been reported that members of the microRNA29 family could affect the protein expression of P53 in cancer cells through the targeted inhibition of cell division cycle 42 (Cdc42) and P85琢 [2] , and it was further inferred that microRNA29s might affect the biologic behavior of tumor cells through the above functions. However, the malignant behavior of cells has not been investigated deeply.
The microRNA29 family includes 3 members: microRNA 29a, microRNA29b, and microRNA29c. The effect of each member alone on P53 is the same as that of the mixture of the 3 microRNAs [2] . Thus, it is considered that the effects of the 3 members of the microRNA29 family are similar to each other. Cdc42 is one of molecules that has been extensively studied in the Rho family. The biologic activity of Cdc42 is closely associated with the proliferation, skeletal reconstruction, migration, and invasion of tumors [37] . In addition, P85α, a subunit of phosphatidylinositol 3, is related to cell apoptosis [8] . The proliferation, migration, and invasion of tumors are important biologic characteristics of malignant tumors, and are also important factors leading to tumor recurrence and affecting prognosis. Many studies have demonstrated that Cdc42 affects the proliferation, migration, and invasion of tumors. Therefore, this study investigated the effect of microRNA29s on the proliferation, migration, and invasion of gastric cancer cells through the targeted inhibition of the protein expression of Cdc42.
Mouse fibroblast cell line NIH3T3 and gastric cell lines GES, SGC7901, BGC823, MKN45, MKN28, AGS, and MGC803 were preserved at our laboratory. RPMI1640 medium and calf serum were purchased from GIBCO. MicroRNAs, siRNA, and microRNA29 family primers were provided by Guangzhou Ribo Life Science Company. Through the TRIzol method, total RNA was extracted from mouse fibroblast cell line NIH3T3 and gastric cell lines GES, SGC7901, AGS, MKN45, MGC803, and BGC823. The reverse transcription reaction was performed through the reverse transcriptase MMLV using specific primers of microRNA29s and U6. A volume of 2 滋 L of reverse transcription products were used to perform the realtime polymerase chain reaction (PCR) detection in triplicate. The realtime PCR reaction condition was as follows: predenaturing at 95益 for 20 s, 40 cycles of denaturing at 95益 for 10 s, and annealing at 60益 for 20 s, and then predenaturing at 95益 for 1 min, annealing at 55益 for 1 min, 80 cycles of annealing at increasing temperatures (0.5益 per cycle) from 55益 for 10 s. The experimental results were analyzed by the 2 △△Ct method.
Total proteins were extracted from gastric cell lines GES, MKN45, MGC803, AGS, MKN28, SGC7901, and BGC823. The concentration of total protein was assayed using an ultraviolet spectrophotometer. An amount of 50 滋 g of total proteins were separated by 12% polyacrylamide gel electrophoresis (PAGE). Then, the separated proteins were transferred onto a polyvinylidene fluoride (PVDF) membrane. Subsequently, the PVDF membrane was blocked in 5% fatfree milk for 2 h. Then, the PVDF membrane was incubated with the primary antibody against Cdc42 and 茁 actin (1 : 1000 dilution with trisbuffered saline tween20 [TBST] ) at 4益 overnight. After PVDF membrane was rinsed with TBST 3 times, the membrane was incubated with fluorescencelabeled secondary antibody IgG (1 : 10 000 dilution) with slight shaking at room temperature for 2 h in a dark room. After exposure and development, the protein expression was analyzed using a gel imaging analysis system. The Western blot assay was in triplicate.
SGC7901 cells in the logarithmic (log) growth phase were seeded in 6well plates at a density of 3 伊 10 5 cells/well. After a 24h culture at 37益 in an incubator with 5% CO 2 , cells were transfected by ncontrol, Cdc42specific small interfering RNA (siCdc42), microRNA29a, microRNA29b, and microRNA29c. The positive control group of cells without tranfection was named as SGC7901. The SGC7901 cells were transfected by ncontrol, siCdc42, microRNA29a, microRNA29b, and microRNA29c were named as ncontrol/SGC7901, siCdc42/SGC7901, microRNA29a/SGC7901, microRNA29b/SGC7901, and microRNA29c/SGC7901, respectively. The total proteins of cells were extracted after transfection for 48 h. Finally, the change of expression/phosphorylation levels of Cdc42 and PAK1 protein was detected by Western blot analysis (the same method as in subsection mentioned above). The detection experiment was in triplicate.
SGC7901 and BGC823 cells in the log phase were seeded into 96well plates at a density of 4 伊 10 3 cells/well. After a 24h culture at 37益 in an incubator with 5% CO 2 , cells were transfected by ncontrol, siCdc42, microRNA29a, microRNA 29b, and microRNA29c, in triplicate. The cell naming was the same as that in subsection mentioned above, and cells were named as SGC7901, ncontrol/SGC7901, siCdc42/SGC7901, microRNA29a/SGC7901, microRNA29b/SGC7901, microRNA 29c/SGC7901, BGC823, ncontrol/BGC823, siCdc42/BGC823, microRNA29a/BGC823, microRNA29b/BGC823, and microRNA 29c/BGC823, respectively. At the same times on days 1, 2, 3, 4, and 5 posttransfection, the related reagents were added according to the kit instructions of Cell Counting Kit8. After a further 4h culture at 37益 in an incubator, the absorbance values ( ) at 490 nm and 630 nm were measured on an enzymelink immunoassay meter. The cell growth curve was plotted according to the absorbance value 490 ( axis) at different times ( axis). The detection experiment was in triplicate.
SGC7901 and BGC823 cells in the log phase were seeded in 6well plates at a density of 3 伊 10 5 cells/well. After a 24h culture at 37益 in an incubator with 5% CO 2 , cells were transfected by ncontrol, siCdc42, microRNA29a, microRNA 29b, and microRNA29c. The cell naming was the same as that in subsection mentioned above. A straight line scratch was made on the bottom of the cell culture plate using a sterile yellow pipette tip 5 h posttransfection. After cells were washed 3 times with phosphate buffered saline (PBS), the RPMI1640 medium
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Chinese Journal of Cancer containing 0.1% calf serum was added, and cells were photographed under the 10 × magnification through a phase contrast microscope. After a further 48h culture, cells were photographed again to analyze the cell migration distance at the marked position. The detection experiment was in triplicate.
SGC7901 and BGC823 cells in the log phase were seeded into 24well plates at a density of 1 伊 10 5 cells/well. After a 24h culture at 37益 in an incubator with 5% CO 2 , cells were transfected by ncontrol, siCdc42, microRNA29a, microRNA 29b, and microRNA29c. The cell naming was the same as that in subsection mentioned above. After a further 24h culture, the Transwell inserts were placed into new 24well plates, and 35 滋 L Matrigel (1 : 2 dilution) was added in the Transwell inserts to make the basement membrane. After the Transwell inserts were placed at 37益 for 2 h, 500 滋 L of RPMI1640 medium containing 10% calf serum was added to each lower chamber, and 300 滋 L of cell suspension (1 伊 10 4 cells) in a serumfree medium containing 0.2% bovine serum albumin (BSA) was added to each upper chamber. After a further 48h culture at 37益 in an incubator with 5% CO 2 , cotton swabs were used to wipe off the upper layer of Matrigel. After hematoxylin and eosin (HE) staining, the number of cells migrating to the lower chamber was calculated by inverted microscopy, and the mean of number of cells in each visual field represented the invasive ability of the cells. The detection experiment was in triplicate.
The data represents the mean 依 standard deviation (SD). The data analysis was performed using the SPSS version 11.0. Statistical significance was considered if < 0.05. GES cells were used as control cells, and the expression amounts of microRNA29a, microRNA29b, and microRNA29c in the GES cells were designated as 1, 1, and 1, respectively. NIH3T3 cells were used as the positive control cells due to the high expression amounts of microRNA29 family members in NIH3T3 cells. The relative expression amounts of microRNA29a, microRNA29b, and microRNA29c in the NIH3T3 cells were 1.81 依 0.05, 1.46 依 0.05, and 1.59 依 0.05, respectively. The respective expression amounts of microRNA29a, microRNA 29b, and microRNA29c in the gastric cancer cell lines were 0. Western blot assays were used to detect the expression levels of the Cdc42 protein. GES cells were used as the control. The expression levels of Cdc42 protein in GES, MKN45, MGC803, AGS, MKN28, SGC7901, and BGC823 cells were 0.06 依 0.00, 0.02 依 0.00, 0.10 依 0.01, 0.09 依 0.01, 0.05 依 0.00, 0.14 依 0.01, and 0.12 依 0.01, respectively (Figure 2 ). The expression levels of the Cdc42 protein in the SGC7901 and BGC823 cells were relatively higher. In Figures 1 and 2 , it can be seen that, in the SGC7901 and BGC823 cells, the expression amounts of microRNA29s were relatively lower, and the expression levels of the Cdc42 protein were relatively higher. Therefore, the SGC7901 and BGC823 cells were used as target cells to perform the related study of biologic behavior in the following experiments.
Western blot assays were used to detect the expression Western blot results show that Cdc42 has a relatively high expression in SGC7901 and BGC823, while in SGC7901 and BGC823 microRNA鄄 29s have a relatively low expression, which can exclude the interference of endogenous microRNA 鄄 29s. These allow the inhibition after transfection to be well demonstrated. group, the expression levels of the Cdc42 protein in the siCdc42/SGC7901, microRNA29a/SGC7901, microRNA 29b/SGC7901, and microRNA29c/SGC7901 groups all decreased by about 65% ( Figure 3A ). There were significant differences in levels of expression for the Cdc42 protein between siCdc42/SGC7901, microRNA29a/SGC7901, microRNA29b /SGC7901, microRNA29c/SGC7901 cells, and ncontrol/SGC7901 cells ( < 0.05). After transfection with microRNA29s, the expression levels of the Cdc42 protein significantly decreased, and the effect of microRNA29s was similar to siCdc42, which suggested that microRNA29s could inhibit the expression of the Cdc42 protein. At the same time, the phosphorylation levels of the PAK1 protein (a key downstream molecule of Cdc42) were also detected and were 0.11 依 0.00 in the siCdc42/SGC7901 cells, 0.12 依 0.00 in the microRNA 29a/SGC7901 cells, 0.10 依 0.00 in the microRNA 29b/SGC7901 cells, and 0.12 依 0.00 in the microRNA29c /SGC7901 cells, which all decreased by about 70% compared with the SGC7091 cells (0.38 依 0.01) and the ncontrol/SGC7901 cells (0.38 依 0.01) ( Figure 3B ). There were significant differences in the phosphorylation levels of the PAK1 protein between the siCdc42/SGC7901, microRNA 29a/SGC7901, microRNA29b/ SGC7901, microRNA 29c/SGC7901, and ncontrol/SGC7901 cells, ( < 0.05). It suggested that microRNA29s could inhibit the phosphorylation of the PAK1 protein through inhibiting Cdc42.
In the SGC7901, ncontrol/SGC7901, siCdc42/SGC7901, microRNA29a/SGC7901, microRNA29b/SGC7901, and microRNA29c/SGC7901 cell groups, at 3 days posttransfection, 490 were 0.90 依 0.05, 0.87 依 0.05, 0.74 依 0.05, 0.74 依 0.05, 0.75 依 0.05, and 0.76 依 0.05, respectively ( Figure 4A ). There were significant differences of 490 between the siCdc42/ SGC7901, microRNA29a/SGC7901, microRNA29b/ SGC7901, microRNA29c/SGC7901, and ncontrol/SGC7901 cell groups ( < 0.05). In the BGC823, ncontrol/BGC823, siCdc42/ BGC823, microRNA29a/BGC823, microRNA29b/BGC823, and microRNA 29c/BGC823 cell groups, at 3 days posttransfection, 490 were 1.41 依 0.05, 1.39 依 0.01, 1.21 依 0.02, 1.25 依 0.02, 1.22 依 0.05, and 1.22 依 0.02, respectively ( Figure 4B ). There were significant differences of 490 between the siCdc42/ BGC823, microRNA29a/BGC823, microRNA29b/BGC823, microRNA 29c/BGC823, and ncontrol/BGC823 cell groups ( < 0.05). 490 in the cell group with microRNA29s transfection was smaller than those with ncontrol transfection, which suggested that cell proliferation was inhibited through microRNA29s transfection. The effect of microRNA29s was similar to siCdc42. Therefore, it was concluded that microRNA29s could affect the proliferation of gastric cells through the targeted inhibition of Cdc42.
Wound scratch assay results showed that the cell migration distances in the SGC7901, ncontrol/SGC7901, siCdc42/ SGC7901, microRNA29a/SGC7901, microRNA 29b/SGC7901, and microRNA29c/SGC7901 cell groups were (517 依 15) 滋 m, (423 依 13) 滋 m, (195 依 10) 滋 m, (215 依 10) 滋 m, (215 依 9) 滋 m, and (218 依 11) 滋 m, respectively ( Figure 5A ). There were significant differences in the cell migration distance between the siCdc42/SGC7901, microRNA 29a/SGC7901, microRNA29b/ SGC7901, microRNA 29c/SGC7901, and ncontrol/SGC7901 cell groups ( < 0.05). In the BGC823, ncontrol/BGC823, siCdc42/ BGC823, microRNA 29a/BGC823, microRNA29b/BGC823, and microRNA 29c/BGC823 cell groups, the cell migration distances were (268 依 8) 滋 m, (237 依 8) 滋 m, (107 依 6) 滋 m, (119 依 6) 滋 m, (110 依 4) 滋 m, and (120 依 7) 滋 m, respectively ( Figure 5B ). There were significant differences in the cell migration distances between the siCdc42/BGC823, microRNA29a/BGC823, microRNA29b/BGC823, microRNA 29c/BGC823, and ncontrol/ BGC823 cell groups ( < 0.05). The migration rate of cells transfected by microRNA29s slowed. Moreover, the effect of microRNA29s was similar to siCdc42. Therefore, it was concluded that microRNA29s could affect the migration ability of gastric cells through the targeted inhibition of Cdc42. The expression / phosphorylation of Cdc42 and its downstream molecular PAK1 after transfected microRNA鄄 29s decreased about 65% or 70%, respectively, as determined by Western blot analysis (the effect similar to si鄄 Cdc42), indicating that microRNA鄄 29s can inhibit the expression / phosphorylation of Cdc42 and its downstream molecular expression. Reference 2 also shows that microRNA鄄 29 can inhibit the protein expression of Cdc42 and its downstream molecule P53, and this is consistent with our results. The results of cell invasion assays in vitro suggested that cells could penetrate the filter membrane attached by Matrigel. In the SGC7901, ncontrol/SGC7901, siCdc42/SGC7901, microRNA29a/SGC7901, microRNA29b/SGC7901, and microRNA29c/SGC7901 cell groups, the number of membrane penetrating cells was 84.0 依 4.2, 71.7 依 4.6, 16.3 依 3.2, 15.7 依 3.8, 16.3 依 3.0, and 16.7 依 3.1, respectively ( Figure 6A ). There were significant differences in the number of membrane penetrating cells between the siCdc42/SGC7901, microRNA 29a/SGC7901, microRNA29b/SGC7901, microRNA29c/ SGC7901, and ncontrol/SGC7901 cell groups ( < 0.05). In the BGC823, ncontrol/BGC823, siCdc42/BGC823, microRNA 29a/ BGC823, microRNA29b/BGC823, and microRNA 29c/BGC823 cell groups, the number of membranepenetrating cells was 199.0 依 10. 5, 146.3 依 9.7, 72.7 依 8.2, 86.7 依 8.5, 86.0 依 8.5, and 73.3 依 8.3 , respectively ( Figure 6B ). There were significant differences in the number of membranepenetrating cells between the siCdc42/BGC823, microRNA29a/BGC823, microRNA29b/BGC823, microRNA29c/BGC823, and ncontrol/ BGC823 cell groups ( < 0.05). It was found that the invasive ability of cells transfected by microRNA29s significantly decreased. Moreover, the effect of microRNA29s was similar to siCdc42, which suggested that microRNA29s could inhibit the invasive ability of gastric cells through the targeted inhibition of Cdc42.
MicroRNAs are a kind of noncoding RNA about 22 nt in length, and they exist widely in various types of cells. MicroRNAs can bind to the 3爷 UTR of target mRNA by base pairing to inhibit the translation of target genes, so that the protein expression of target genes is inhibited [1] . In the process of tumor progression, microRNAs are involved in various biologic processes, such as cell growth, proliferation, migration, invasion, and so on, through inhibiting the protein expression of oncogenes or tumor suppressor genes [9] . Therefore, the functional study on microRNAs provides a new direction for the prevention, diagnosis, and treatment of tumors.
The Rho family of GTPases is a subgroup of the Ras superfamily, and the molecular weight of Rho GTPases ranges from (2030) ku. Cdc42 is one of the molecules that has been widely studied in the Rho family. As an important signaling molecule, Cdc42 can make responses to various stimulating signals to regulate the biologic processes of cells, including cytoskeletal processes, cell proliferation, cell migration, cell invasion, cell polarity, cell adhesion, gene transcription, membrane transport, and so on [37] . Therefore, Cdc42 plays an important role under various pathophysiologic conditions [10] . The mutation of Ras has been found in various kinds of tumors, which leads to a continuous activated state of Ras. Different from the Ras protein, the mutations were not found in the encoding regions of Rho family genes. Many studies have suggested that the high expression or activation of Rho family proteins were found in various kinds of human cancers, such as gastric, colorectal, liver, breast, lung, and so on. Moreover, it was also found that Rho family proteins were involved in the malignant biologic processes of tumor cells, including proliferation, migration, invasion, and so on. Although the study on the downstream signaling pathway of Cdc42 advanced rapidly, the study on the upstream regulatory networks of Cdc42 are still at the initial stages. MicroRNAs provide a new way for the study on the upstream regulation patterns of Cdc42. For example, a recent study showed that microRNA29s could affect the expression of P53 through directly regulating the translation of Cdc42, so that the biologic behavior of the cells could be affected [2] . However, the effect of microRNA29s on the proliferation, migration, and invasion of gastric cancer cells remained still unclear. Therefore, this study mainly investigated the effect of microRNA29s on the malignant biologic behavior of gastric cancer cells.
It has been demonstrated that Cdc42 could affect cell cycle progression through regulating the expression and phosphorylation of downstream molecules (PAK1, Cyclin D1, and so on) of Cdc42. For example, the activated Cdc42 can promote the cell cycle progression of L6 myoblasts, which leads to the loss of the characteristics of contact inhibition and dependent anchored growth of L6 myoblasts. The activated level of Cdc42 in leiomyosarcoma cells increased, and the negatively dominant mutant of Cdc42 could inhibit the proliferation of leiomyosarcoma cells. Moreover, Cdc42 was also involved in the regulation of the cell cycle and gene transcription [11] . Welsh . [2] found that the inhibition of Cdc42 activity was able to persistently inhibit ERK activity and decrease the expression of the CyclinD1 protein, which caused a G 1 stagnation in cell cycle progression. On the other hand, Cdc42 is also involved in the cell processes of migration and invasion. For example, through the scratchinduced migration assay using fibroblasts, it was found that Cdc42 could not only improve the redirection ability of golgiosome and centrosome against cell migration, but also induce the polymerization of cytomembrane protrusion at the specific site [10] . Hirsch . [13] found that the negatively dominant mutant of Cdc42 could not only inhibit the proliferation of breast cancer cells through inhibiting the epidermal growth factor receptor, but also inhibit the growth, migration, lung metastasis, and colony forming ability of rat breast cancer cells. In the present study, microRNA29s could significantly inhibit the expression of Cdc42 through transient transfection, so that the proliferation, migration, and invasion of cells were inhibited. The effect of microRNA29s was similar to siCdc42, which suggested that microRNA29s played an important role in the proliferation, migration, and invasion of gastric cancer cells.
In summary, this study demonstrated that microRNA29s could effectively inhibit the protein expression/phosporylation of Cdc42 and its downstream molecule PAK1. Moreover, microRNA29s could also inhibit the proliferation, migration, and invasion of gastric cancer cells. The effect of microRNA29s was similar to siCdc42, which suggested that microRNA29s could inhibit tumor progression through inhibiting the oncogene Cdc42. MicroRNAs have very important significance in clinical practice, and will become a new generation of biomarkers for tumor diagnosis and molecular targets for tumor therapy. MicroRNA29s can significantly inhibit the malignant phenotype of gastric cancer cells through the targeted inhibition of Cdc42, which lays a foundation for gene therapy of tumors. Certainly, only verification in vitro is involved in this study, and the further experimental study in vivo will still be required to confirm the results of this study.
